Treatment of Metastatic Extramammary
Paget's Disease Associated With Adnexal Adenocarcinoma, With Anti-HER2 Drugs Based on Genomic Alteration ERBB2 S310F Extramammary Paget's disease (EMPD) is a rare intraepithelial malignant condition affecting the apocrine gland-bearing skin, composed of characteristic large glycogen-rich (Paget) cells scattered in the epidermis [1] . Metastases are uncommon and associated with adenocarcinoma.
The current case presents a 76-year-old man, first diagnosed with adnexal adenocarcinoma with Paget's disease in 2009 after resection of a skin lesion in the left perineal region. In January 2012, due to severe lower back pain, positron emission tomography-computedtomography (PET-CT) scan was done and demonstrated multiple bone metastases. CT-guided biopsy from a lumbar vertebra was positive for metastatic carcinoma, similar to the earlier resected perineal skin lesion. Hormone receptorstains were positive forestrogenin 10%-20% of tumor cells and HER-2/neu staining, including fluorescence in situ hybridization, was negative. Systemic therapy with adriamycin and cyclophosphamide was given, with partial response after six cycles. Maintenance treatment with letrosole was started, but the tumor progressed after 4 months of treatment (Fig. 1A) .
The FoundationOne genomic test (Foundation Medicine Inc., Cambridge, MA, http://www.foundationmedicine.com) was performed, and a genomic alteration, ERBB2 S310F mutation, was discovered. Accordingly, treatment with lapatinib and capecitabine was started. Continuing partial response was shown in repeated PET-CT scans (Fig. 1B) . During the treatment period, the patient underwent hip replacement due to a pathological fracture. Treatment with capecitabine was discontinued for 6 weeks and only lapatinib was given, with continued reduction in tumor markers. Nevertheless, the role of each medication in this prolonged response is not known.The patient has continued with the same treatment for more than 1 year.
Several case reports have been published describing the use of chemotherapy combinations including 5-fluorouracil (5-FU) with mitomycin C [2] or carboplatin and leucovorin [3] for metastatic EMPD. 5-FU is the basic drug for this diagnosis, and the combination with lapatinib, as in the current case, was a logical option.
Amplification of HER2 in breast Paget's disease and in EMPD has been reported [4] . The role of the ERBB2 signal pathway in EMPD has also been assessed [5] . HER2 overexpression reflecting gene amplification was found in 33%-52% of EMPD invasive lesions in previously published studies [4, 5] .Treatment with trastuzumab and chemotherapy in amplified HER2 metastatic EMPD has been reported with prolonged response longer than 6 months [6, 7] .
As opposed to ERBB2 amplification, point mutations in ERBB2 are quite rare, with only 318 mutations reported thus far in the Catalog of Somatic Mutation in Cancer (COSMIC) database [8] . Interestingly, mutation p.S310F, identified in the current patient, is the second most common mutation in ERBB2. The occurrence of this mutation in different types of tumors suggests that it is actually a cancer-driven mutation. The mutation is present in the extracellular domain of ERBB2 and, therefore, is predicted to be responsive to ERBB2 inhibitors.
Greulich et al. discussed mutations in the extracellular domain of ERBB2, including S310F, in lung adenocarcinoma. This type of mutation was examined on NIH 3T3 cells. A number of proteins regulating cytoskeletal dynamics and cell motility were found to be prominently hyperphosphorylated in the ERBB2 S310F cells. For example, PTPN11, a phosphatase involved in activation of Erk proteins that, intriguingly, is required for growth and metastasis of HER2-positive breast cancer cells, was also prominently phosphorylated in the ERBB2 S310F cells, correlating with oncogenic activity of this mutation (Fig. 2) [9] .
These ERBB2 extracellular domain mutants were activated by two distinct mechanisms, characterized by elevated Cterminal tail phosphorylation or by covalent dimerization mediated by intermolecular disulfide bond formation [9] . Bose and colleagues reviewed data from eight genome-sequencing studies that included nearly 1,500 patients. Twenty-five patients had 13 different ERBB2 mutations. In a xenograft model, all of these mutations were sensitive to the irreversible kinase inhibitor neratinib [10] . According to this case, ERBB2 S310F mutation seems to be a transforming mutation that should be targeted with anti-HER2 drugs. Genomic tests are justified in rare tumors. 
